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Fate and Pathways of Injection-Well Effluent
in the Florida Keys

Eugene A. Shinn!, Ronald S. Reese?, and Christopher D. Reich!
1 USGS Coastal Geology Center, St. Petersburg, Florida
2 USGS Water Resources Division Office, Miami, Florida

Executive Summary

. Twenty-four wells (21 locations) were core drilled into the lime-
stone beneath the Keys, reef tract, and outer reefs to determine if
sewage effluents injected in Class V wells onshore are reaching off-
shore reef areas via underground flow. These wells were fitted with
PVC casings and well screens and were sampled every three months
for a period of one year. Analyses showed consistent hypersalinity in
most wells and a marked increase in nitrogen (as ammonia) in off-
shore ground water. Other forms of nitrogen (NO,; and NO3) and
phosphorous were not particularly elevated in offshore ground
water but were above the levels found in surface marine water. The
highest levels of nitrogen (NO, and NO3) and phosphorous were in
shallow onshore ground waters. Sources for the nutrients in the shal-
low onshore ground water consist of septic tanks and cesspools (@
24,000 and 5,000 in the Florida Keys, respectively), agricultural fer-
tilizers, and natural vegetation. Ammonia concentrations were low in
shallow ground waters beneath the Florida Keys, probably because
of oxidizing conditions.

* Tidal pumping is particularly active, especially nearshore.
Hydraulic heads sufficient to elevate well water as much as 7 cm
above sea level during falling tides were detected in all nearshore
wells. During rising tides, the situation was reversed and water
flowed into the wells. Tidal pumping implies considerable water
movement both in and out of the upper few meters of limestone.
Tidal pumping is a likely mechanism for mixing and transferring
nutrient-rich ground water into the overlying marine waters.
Although tidal pumping should cause rather complete mixing and
dilution of any freshwater-based effluents entering the limestone
via the more than 600 disposal wells in the Florida Keys, the ground
waters in the 30- to 40-ft-depth range (9-12 m) nevertheless
remained slightly hypersaline relative to sea water throughout the

1



year. )

. Fecal coliform and fecal streptococcal bacteria were associated
with three Lower Keys offshore wells and two shallow onshore
wells at Key Largo. On occasions, these bacteria were detected far-
ther offshore, once in a well 4 miles off Key Largo. The bacterial
analyses for Key Largo (both onshore and offshore) are supported by
two independent bacteriological researchers using more sophisticat-
ed methods than the standard 100-m] membrane-filter method used
in this study. Fecal bacteria can serve as tracers; thus, we conclude
their presence is possible evidence for offshore transport of ground
waters originating on Key Largo. Elevated nutrients (ammonia) and
slightly elevated dissolved total phosphorous in offshore ground
waters, however, cannot be tied to onshore sources with existing
data.

. Rock analyses of material from our cores do not prove or dis-
prove the hypothesis that limestone beneath the Keys or reef tract is
serving as a sink for phosphorus or other nutrients. The data, how-
ever, do not rule out phosphorus uptake by limestone adjacent to
disposal sources. For the purposes of this study, monitoring wells
were not positioned sufficiently close to injection wells to determine
if uptake of phosphorous is taking place. Ground waters were found
to contain more dissolved solids than could be accounted for if
hypersalinity resulted from simple evaporation of sea water. These
data indicate that ground waters in the vicinity of our wells are dis-
solving solids from the rock rather than precipitating material within
the rock framework; however, as mentioned above, our wells were
not positioned sufficiently close to disposal wells to determine if
localized uptake is occurring.

. Examination of rock cores from these wells revealed a general
distribution of reef- and grainstone-facies belts. The Upper and
Middle Keys are composed of a thin coral reef facies that extends
only a few hundred feet seaward of the Keys. Reef facies give way to
mudstone facies within a few yards of shore on the Florida Bay side
of the Keys. On the seaward side of the Keys, beneath Hawk Channel
and White Bank, the Pleistocene limestone is a mixed grainstone,
packstone, and wackstone facies. Corals are rare or absent. The
Pleistocene limestone beneath the outer reefs 4 to 5 miles offshore,
however, consists of reef facies with the same coral fauna as that
found on Key Largo. This pattern of two major reef-facies belts sepa-
rated by a 2- to 4-mile-wide belt of grainstone facies may have as
yet undetermined effects on groundwater circulation beneath the
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Florida reef tract. Grainstone is approximately an order of magnitude
less permeable than the coralline Key Largo Limestone facies.

. The Q3 surface, a major subsurface unconformity thought to
form an effective confining zone elsewhere in south Florida, was not
detected in wells drilled more than 1 mile from shore. This uncon-
formity, however, was detected in all wells drilled on or near the
Keys. What was found to be a more effective and widespread confin-
ing layer is the Holocene sediment deposited on the Pleistocene lime-
stone during the past 6,000 to 7,000 years. These relatively imper-
meable sediments are extensive, forming a belt up to 5 miles wide
beginning about 0.5 mile offshore. Holocene sediments generally
consist of low-permeability lime mud just above the Pleistocene sur-
face, overlain by more permeable carbonate sands and reefs.
Leakage of ground water by tidal pumping is not likely to occur
through lime-mud-dominated areas such as Hawk Channel but is
likely to occur through isolated porous and permeable Holocene reefs
situated on Pleistocene limestone highs, and in places where
Holocene sediment does not cover the limestone bedrock. Leakage is
therefore limited to 1) a shallow-water 0.5-mile-wide nearshore belt
of exposed Key Largo Limestone, 2) Holocene patch reefs, which
grow on mud-free topographic rock highs, and 3) along the seaward
side of the outermost reef in 35 to 65 ft (10-20 m) of water, where
Holocene reef and sediment accumulations are thin or absent.

. This study did not address direct measurements ot lateral
groundwater movement or a hydrologic mechanism for transporting
hypersaline ground water away from the Florida Keys. More recent
work, however (Halley et al., 1994), shows that sea level in Florida
Bay is higher than on the Atlantic side of the Keys more than 50% of
the time. Higher sea level on the bay side of the Keys provides a
potential for groundwater flow toward the Atlantic most of the time.
Use of tracers (dyes or harmless bacteriological tracers) injected into
the center of tightly spaced clusters of monitoring wells is a simple
way to ascertain the net direction and rate of groundwater move-
ment. Knowing the direction and rate of groundwater movement is
needed for prediction and modeling efforts in the future.

Introduction

During the 1980s, scientists and Florida Keys coral reef user
groups became alarmed by increasing coral mortality and explosive



growths of algae. One well-documented cause of increased algal
growth was the disappearance of the herbivorous sea urchin
Diadema. Although Diadema suffered near extinction throughout the
Caribbean in 1983 (Lessios, 1984), coral mortality and algal prolifer-
ation appeared most pronounced on Florida's reefs (Dustan, 1985).
While Diadema were dying in unprecedented numbers, reefs, espe-
cially in the Florida Keys, were also experiencing accelerating human
exploitation. Along with tourism, the resident human population '
increased dramatically. Unrelated to urban stresses, corals through-
out the Caribbean and Florida suddenly expelled the symbiotic algae
necessary for their growth and color. This, the first major "bleaching
event," as it became known, began during the unusually warm and
calm summer of 1987 (Causey, 1988; Ogden and Wicklund, 1988;
Porter et al., 1989). Bleaching was especially pronounced on Florida's
reefs. Though bleaching caused reduced growth rates, mortality was
not significant. For the most part, affected corals recovered and
regained symbiotic algae (zooxanthellae) and normal color with the
return of cooler water temperatures. Bleaching had occurred in
Florida before 1987 (Jaap, 1979, 1985; Glynn 1984), but such a
severe case had never been reported and it did not end in 1987.
Bleaching reoccurred in the summer of 1990. The hydrocoral,
Millepora sp., suffered severe mortality, especially on the tops of
reefs (B. Causey, pers. commun., 1994). At the same time, massive
corals, namely Montastrea annularis, experienced severe mortality
caused by black-band disease (Rutzler and Santavy, 1983; Rutzler et
al., 1983, Richardson and Carlton, in press). Dead corals were quickly
colonized by turf algae, which flourishes in the continuing absence of
Diadema herbivory. As algae became more prominent, many
respected coral specialists suggested growth was stimulated by
excessive nutrification. The consensus of many reef scientists was
that increased nutrification is linked to accelerating urbanization in
south Florida and in the Keys specifically (EPA, 1992).

NOAA, EPA, the Audobon Society, the Nature Conservancy, and
the University of Miami each conducted coral reef workshops to
assess the problem. All workshops have concluded that a change in
water quality is the most likely cause of reef mortality and algal
proliferation.

The newly created Florida Keys National Marine Sanctuary
(FKNMS), as directed by enabling legislation, established an advisory
council composed of lay citizens and scientists. This council, like pre-
vious workshops, recognized water quality to be of major concern.
Thus, concurrent with the FKNMS advisory council, a water-quality
steering committee was created with EPA and the State of Florida
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Department of Environmental Regulation (now Department of
Environmental Protection, DEP) taking the lead. The task of the
steering committee was, through scientific consensus, to devise a
water-quality protection program for the FKNMS. The resulting plan
(EPA, 1991, 1992) again concluded that water quality was the target
of concern.

During early preparation stages of the water-quality protection
program document, EPA/DEP and many others became concerned
not only with the more obvious nutrient sources, such as surface
runoff, outfalls, and live-aboard boats, but also with the unknown
fate of treated sewage effluent entering the porous limestone
beneath the Florida Keys. These effluents enter the ground water
from septic tanks and through shallow injection wells in what are
termed Class V disposal wells. In 1991 DEP records show there were
619 permitted Class V wells in the Florida Keys. DEP data for well
and casing depth have been tabulated and displayed as frequency
plots in Appendix A. An unknown number of disposal wells, permit-
ted by HRS (Housing and Rehabilitative Services) for family-owned
restaurants and private residences, also exist in the Florida Keys. In
addition, there were an estimated 24,000 septic tanks and 5,000
cesspools in the Florida Keys as of 1990 (EPA, 1992).

The possibility of nutrients reaching the reefs through groundwa-
ter movement and seepage was stimulated by a discovery of near-
fresh water seeping from bottom sediment in 130 ft (40 m) of water
off Key Largo (Simmons, 1986). More recent work (Simmons and
Netherton, 1987) suggested that seepage of ground water off Key
Largo is "evidence of a new biogeochemical cycle.” Simmons (1992)
emphasized that "the movement of water across sediment/water
interfaces is very important to the ecology of aquatic habitats.” All of
the above work was biologically oriented and focused on submarine
groundwater discharge from Holocene sediments. Sediments off the
Florida Keys are relatively impermeable, especially where they are
fine grained. However, the underlying limestone, which would be the
primary pathway for submarine fluid movement offshore, had never
been investigated. To do so requires equipment and techniques not
previously used in reef areas of Florida.

This report, the result of a one-year investigation, addresses the
fate of sewage nutrients injected into the porous limestone beneath
the Florida Keys. The specific questions addressed include: 1) are
nutrient levels elevated in the ground water beneath the Florida
Keys? 2) are nutrient levels elevated in ground water beneath off-
shore reef areas? 3) are ground waters migrating laterally and dif-
fusing upward into areas of coral growth? and 4) if the answers to
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the above are yes, what controls lateral and upward movement of
ground waters?

In an attempt to answer these and other questions, 24 water-
quality monitoring wells (average depth 35 ft, 10.7 m) comprising
three major transects, Lower Keys, middle Key Largo. and northern
Key Largo, were installed and sampled quarterly for one year. The
study was a collaborative effort between the Geologic and Water
Resources Divisions of the U.S. Geological Survey aided by the NOAA
Undersea Research Center (NURC), NOAA's Sanctuaries Reserves
Division (including Key Largo National Marine Sanctuary, Florida
Keys National Marine Sanctuary and the FKNMS Advisory Council),
State of Florida Department of Environmental Protection (DEP), and
the Federal Region IV Environmental Protection Agency (EPA).

Methods

During the summer of 1992, personnel of the USGS St. Petersburg
Coastal Center core drilled 21 wells (24 completed as monitoring
wells) in three areas of the Keys. The wells were arranged in tran-
sects, one off north Key Largo, one off central Key Largo and one in
the Saddlebunch Keys in the Lower Keys (Fig. 1). The wells were
cored using the USGS hydraulic drill (MacIntyre, 1975; Shinn et al.,
1977) equipped with standard 5-ft NX wire-line core barrels and
drill rods. Most of the wells were drilled underwater by scuba divers
(Fig. 2). Well depths ranged from 10 to 70 ft (3-20 m) and were
drilled both on land and offshore in water depths up to 20 ft (6 m).
The cores were drilled into the Pleistocene limestone, which receives
the effluents of more than 600 injection wells and thousands of sep-
tic-tank drain fields. Most of the offshore monitoring wells penetrat-
ed several meters of Holocene sediment or coral reef before enter-
ing the underlying Pleistocene limestone. Rock cores with a diameter
of 1 and 7/8 inch (48 mm) were examined in the field and later
described in detail at the USGS Coastal Center in St. Petersburg,
Florida. Selected porosity measurements were also conducted using
the fluid-volume displacement method.

Each hole drilled was completed as a water-quality monitoring
well in the following manner. A standard 4-ft-long l-inch-ID-diame-
ter slotted PVC well screen, glued to a 20-ft-length of schedule 40 1-
inch-ID-diameter PVC pipe, was lowered to the bottom through the
NX drill rod. For wells more than 20 ft (6 m) deep (average depth
was 35 ft, 10.7 m) an additional one or two 20-ft lengths of PVC pipe
were added and then inserted into the well bore. With the screened
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section resting on the bottom of the well bore, the NX drill rod casing
was raised-5 ft (1.5 m) to expose the screened section to the forma-
tion. A 5-ft section was then unscrewed at the top and removed.

Approximately 2 gallons of coarse quartz sand were poured into
the annulus to fill the space between the screen and formation. Two
gallons were sufficient, assuming the well encountered no large cavi-
ties. Where cavities were indicated by the recovered core, additional
sand was added. The sand was too coarse to clog well screen slots
and allowed unrestricted passage of fluid from the porous limestone
to the screen. The sand also served to hold the PVC pipe in place
during extraction of the NX drill rod casing.

After raising and removing an additional 5-ft section of drill rod
casing, a slurry of Portland cement was poured down the annulus.
This was accomplished by first placing the slurry in large plastic
bags aboard the boat and once under water, the diver cut a hole in
the corner of the bag and squeezed the cement down the hole like
cake icing. The amount of cement varied but was calculated to fill
approximately 5 ft (1.5 m) of the annulus above the sand pack.
Cement did not penetrate the quartz sand but filled voids and irreg-
ularities in the rock, thus preventing water in the annulus, higher in
the well, from entering the screened zone. After placement of the
cement, the remaining NX rod was removed, leaving the PVC pipe
and screen in the hole. After the NX rod was removed, a few feet of
PVC pipe was left protruding from the hole.

Quick-setting hydraulic cement, composed of 1 part molding plas-
ter (plaster of Paris) and 7 parts type Il Portland cement (Hudson,
1979), was mixed with water to form a stiff ball about 15 ¢cm in
diameter. The ball of cement was quickly taken to the bottom and
hand-molded into the annulus around the PVC pipe. Hydraulic
cement sets in approximately 5 minutes and is very hard in a few
hours. Next, the excess PVC pipe was sawed off with a hacksaw leav-
ing 15 to 30 cm protruding above the surface. A tight-fitting PVC
end cap sealed the wells. A typical installation is shown in Figures 2C
and 3. When the hydraulic cement was sufficiently hard, wells were
developed by pumping until the water ran clear. Purging was accom-
plished by fitting a PVC end cap (equipped with 3/4-inch 50-ft-long,
15 m, tygon hose) over the 1-inch-diameter PVC wellhead. The other
end of the hose was attached to a small 12-VDC electric-powered
rubber impeller pump aboard the boat. The pump, with a discharge
rate of approximately 5 gallons/minute, was run for 5 to 10 minutes
or until the water ran clear (see Fig. 2D).

Latitude and longitude were determined at each site with a
portable GPS unit (Fig. 2D). Latitude and longitude, well name, depth,
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and other data are provided in Table I. All wells were left to stabi-
lize at least 30 days before the first sampling run.

One unexpected difficulty, especially at well sites within 2 nmi of
shore, was caused by tidal pumping. These wells could not be com-
pleted when the tide was falling because outflow prevented intro-
duction of quartz sand or Portland cement. Nearshore wells could be
completed only when the tide was rising and flow was into the wells.
Outflowing water was often so strong that the quartz sand would not
settle to the bottom of the well even when the top of the drill casing
was several feet above sea level.

Although GPS readings were obtained at all sites, care was taken
to locate well sites where there were visual objects onshore or on the
bottom as well. Objects such as navigational markers, telephone
poles, and so forth, were lined up with other objects to facilitate
relocation. This method of relocation was more efficient than using
GPS, which presently is only accurate to within 65 to 100 ft (20-30
m). Well sites were kept as unobtrusive as possible to avoid molesta-
tion and creation of eye sores.

Water sampling protocol

Sampling was accomplished during the weeks of February 22,
May 8, August 9, and November 15, 1993, and will hereafter be
referred to in the above order as sampling rounds 1, 2, 3 and 4,
respectively. After locating a well site and anchoring the boat, a
diver would locate the wellhead, remove the end cap, and fix the
5/8-inch ID hose to the wellhead. Each well was purged for 5 min-
utes (approximately 5 casing volumes for a 35-ft, 10.7 m well). After
purging, temperature and conductivity were measured in the field
using an Orion model 122 conductivity meter. The measurements
were made in a 1-liter plastic beaker while the pump was running.
After purging and temperature and conductivity measurements
were completed, the hose was disconnected from the impeller pump
and attached to a 1/4-inch-diameter silicone tubing using a brass
coupling. The silicone tubing is an integral part of a portable 12-VDC
peristalic pump. The outlet end of the same length of silicone tubing
was attached to an acrylic filter unit containing a 142-mm-diameter
cellulose nitrate Millipore filter. The pore diameter of the filter is
0.45 um. Water was first pumped through the filter to remove air.
After 500 ml of water had been flushed through the filter and dis-
carded, samples were filtered directly into pre-cleaned, pre-labeled
bottles. A total of 7 bottles was filled, three of which™were not fil-
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tered. Sizes, types and purpose for each are described below:

1. Dissolved nutrients, 125-ml amber polyethylene bottle (for USGS
laboratory).

2. Dissolved nutrients, 125-ml amber polyethylene bottle (for NOAA
Undersea Research Laboratory).

3. Total nutrients, 125-ml amber polyethylene bottle (water for this
sample was not filtered through the cellulose nitrate filter).

4. Dissolved solids and chloride, 500-ml clear polyethylene bottle.
5. Total organic carbon (TOC), 125-ml glass bottle with teflon-lined
cap (not filtered).

6. Dissolved organic carbon (DOC), 125-ml glass bottle with teflon-
lined cap (filtered using a 0.45-um silver filter).

7. Fecal coliform and fecal strep (one bottle), 250-ml sterile clear
plastic bottle.

Bottles and caps for dissolved nutrients were rinsed twice with
the water sample and filled with 100 ml of sample water. USGS sam-
ples were preserved with one 1/2-ml ampule of mercuric
chloride/sodium chloride. The duplicate sample for the NOAA labo-
ratory was not preserved with mercuric chloride. Both bottles were
immediately placed on ice in an ice chest.

After disconnecting the tubing from the filter unit, unfiltered
samples for total nutrients were placed in 125-ml amber bottles
after rinsing bottle and cap twice in the sample. One 1/2-ml ampule
of mercuric chloride/sodium chloride was added and the bottle was
sealed and placed on ice.

For total organic carbon (TOC), the 125-ml glass bottle was filled
(bottle not rinsed) and a 1-ml ampule of H,S0O, was added before
sealing the bottle. Ph of the water after addition of the acid was less
than 2. .

Samples for dissolved organic carbon (DOC) were filtered through
a 0.45-um silver filter. The replaceable filter was sealed inside a
pressure-proof stainless steel filter unit. After rinsing the unit in
deionized water with a new filter seated in the bottom, the top of the
filter unit was unscrewed and the filter unit was filled three-quar-
ters full with sample water. The top portion was then reattached and
the silicon tubing from the peristalic pump connected to the unit.
The peristalic pump was used only to create a positive pressure to
force the water out through the silver filter. The first 10-25 ml of
sample were discarded. The 125-ml glass bottle was then filled with
the filtered water leaving enough head room for addition of acid as
described above for TOC samples.

HjS in the ground waters sampled produced silver sulfide, which
darkened the silver filter. Discoloration produced colors depending
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on H,S concentration, ranging from silver (low H,S) through light
gold to dark gold then to various shades of gray and finally coal
black. High concentrations of H,S encountered in many wells turned
the filters black. Field notes describing the degree of discoloration
were kept as a means of estimating H,S concentration. During the
last quarterly sampling round, a simple field kit was used to deter-
mine H,S concentrations. The method uses a plastic container with a
perforated lid holding a replaceable copper sulfate saturated paper
disk. The color of the disk is compared to a standard color chart pro-
vided by the manufacturer (HACH model HS-C). These tests con-
firmed and provided numerical values for our previous impressions,
which were based on odor, discoloration of drilling rods and staining
of the silver filters used for DOC analyses.

Surface sea water was collected at selected drill sites using the
same protocols used for the well water. Surface seawater samples
were coded with the same field identifications used for well water
but included "SW" in the identification. A plastic screen was placed
over the intake hose for surface samples to avoid intake of seaweed
or other debris in the water column.

Duplicate samples were taken at selected sites after changing fil-
ters. The same identification numbers were used for these samples
except that "DUP" was added to the identification

Eight equipment blanks and 2 field blanks were run using the
same DI water used for field cleaning. The equipment blanks tested
the 5/8-inch-ID plastic tubing, silicone tubing and filter units by
taking a sample of de-ionized (DI) water using the same procedures
as used for environmental samples. The field blanks were a test of
the DI water. Field blank procedure consisted of pouring DI water
directly from its container in the field into a sample bottle of the
same type as used for environmental samples. Samples were treated
using the same procedures as for well and sea water described
above. Results of blank sample analyses will be discussed later.

Duplicate samples for nutrient analysis were provided to the
NOAA/National Underwater Research Center field station on Key
Largo and were stored frozen until analyzed.

Bacterial analysis

Fecal coliform and fecal streptococcal bacteria analyses were con-
ducted in the field. Analyses were conducted in the afternoon or
evening of the sampling day within 6 hrs of the time each sample
was collected. The membrane-filter method as described in Greeson
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et al. (1977) was used. The membrane-filter method is the standard
used by the American Public Health Association and others (1976).
The method estimates the number of bacteria filtered from 100 ml
of sample and is based on counting colonies, which grow on a special
medium after 24 hrs of incubation for fecal coliform or 48 hrs for
fecal streptococcal bacteria. The tests were performed by a different
technician for each of the 4 sampling runs.

Analyses were performed in the USGS analytical laboratory in
Ocala, Florida, whose CompQAP number is 910161G with annual
amendments approved on 12/3/92. Results are expressed as mg/L,
the standard used in groundwater investigations. The parameters
analyzed and the analytical methods used are listed in Table II. The
methods in Table II are detailed in Fishman and Friedman (1989).

The parameters analyzed in the laboratory and field and provid-
ed in the following order in Table IV were:

1. Specific conductance (uS/cm), measured in the field..

2. Dissolved solids (ROE at 180°C expressed as mg/L). Dissolved
solids can be expressed as salinity (ppt) by moving the decimal point
3 places to the left.

3. Dissolved chloride (mg/L).

4. Water temperature (°C), measured in the field.

5 MBAS total (mg/L). MBAS is an analysis for detecting a component
in washing detergents. MBAS analysis was conducted for sampling
round 1 only.

6. Dissolved organic carbon (mg/L as C).

7. Total organic carbon (mg/L as C).

8. Dissolved phosphorous (mg/L as P).

9. Dissolved orthophosphate (mg/L as P).

10. Total phosphorous (mg/L as P), last two sampling rounds only
11. Dissolved NO, (mg/L as N).

12. NO,+NO3 (mg/L as N).

13. NH;+ORG-N (mg/L as N).

14. Total NH4;+ORG-N (mg/L as N), last two sampling rounds only

15. Dissolved NH4-N (mg/L as N).

16. Fecal coliform bacteria (colonies/100 ml), determined in the
field. '

17. Fecal streptococcal bacteria (colonies/100 ml) determined in the
field.
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Well Name Lat.and Long. Water Depth Well Depth Screen Interval  Conditions Completed
SB-1A 24935.45'N X 1.5 Feet 50 Feet 46 - 50 Feet Exposed Bedrock 118192
81934.47'W at Low Tide
SB-1B SAME SAME 15 Feet 11 - 15 Feet SAME 79/92
R On Small Coral
SB-2 24°34‘47\I:JX 13 Feet 35 Feet 31 - 35 Feet Patch Reef (18 Ft 8/7/92
81933.51 Holocence )
SB-3 24°34.09N X 15 Feet 31 Feet 27 - 31 Feet "9 Foot Shoal” 8/10/92
81033.07W Coral Paich
SBB-1 "24°37.27N X 2 Feet 35Feet | 31-35Feet Shallow Bay with | ;5169
81935.54'W" exposed bedrock
SBB-2 "24936.49'N X } 35 Feet 31 - 35 Feet Shallow Bay with
81035.45W" 23 Feat cxposed beatock 121792
SBB-3 "24936.14N X . exposed bedrock w/
81934.59'W" 2-3 Feet 35Feet | 31-35Fent o efilled sindholes| 1211892
KL-1 25°05.28N X 3.5 Feet 45 Feet 36 - 40 Feet Exposed Rock 113192
80025.46'W
25003.06 N X Exposed Bedrock
- . . 8/14/92
KL-2 80926 18'W 6 Feet (LT) 45 Feet 36 - 40 Feel and Live corals /1419
25902.19N X Off edge of coral
KL-3 80025.12'W 14 Feet 65 Feet 61 - 65 Feet patch (18 feet 9/13/92
______________ of Holocene) _ o _
2590134N X 7 [~ On edge of
KL-4 80024 07'W 15 Feet 52 Feet 46 - 50 Feet coral patch 9/18/92
_______________________ —_— - . S S ——
25900.22N X
KL-§ 80°23.23'W 16 Feet 60 Feet 56 - 60 Feet Coral Reef 920/92
KLI-1A 2590551UNX | coovoooe | ] 12/20/92
80026.18' W 45 Feel 35 - 39 Feet Out of Service
KLI-1B SAME | e 20 Feet 16 - 20 Feet 122192
KLI-2A 25905.44NX | oo 45 Feet 35 -39 Feet
80923.59'W no screen Next 1o Key Largo 12/22/92
- J
KLI-2B SAME | e 12 Feet 12 Feat canal/NURC office
OR-1A 25018.75'N X 2 Feet (LT) 40 Feel 36 - 40 Feet Exposed bedrock 92392
80°16.46' W
OR-1B SAME SAME 10 Feet 6 - 10 Feet SAME 9121/92
OR-2 25°18.36 N X 15 Feet 15 Feet 11 - 15 Feet § Feet of Muddy 9124/92
80°15.53'W Sediment
250172INX T T T ___—__—-_—-ﬁe;:&:d-ay—m ————————
OR-3 20014.69'W 16 Feet 13 Feet 9 - 13 Feel Sediment 9/25/92
------- . - TTTTTTT T 26Feetofmud . |
OR-4 25015-9],}‘ X 16 Feet 35 Feel 31 - 35 Feet with layer of peat 9/28/92
80°13.18'W
near bottom
————————————————————————————————————————————— e e e — — — — —— —— i — — — —— — —
25014.94N X 26 Feet of
OR-5 80°11.78'W 17 Feet 35 Feet 31-35Feat overlying Holocene 9/29/92
coral accumulation
ORO-1A 25019.14: N | e 40 Feet 35 - 40 Feet on land approx.
80°16.77W 1o screen - 1000 Feel from 12/29/92
ORO-1B SAME | e 6 Feel 6 Feet injection wells

Table 1. Monitoring-well locations and other information. (* indicates separate well installation ;
** indicates dual zone completion in one well)
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Analytical Method # Component
1-2057-84 Chloride, dis
1-1750-84 ROE at 180°C, dis
1-2522-84 NH4 as N, dis
1-2552-84 NH4+ORG as N, dis
1-2540-84 NO2 as N, dis
1-2545-84 NO3+NO2 as N, dis
1-2601-84 PO4 as P, dis
1-2600-84 Total P, dis
1-4552-84 NH4+0ORG as N, total
1-4600-84 Total P, total
415.2EPA C ORG, dis
415.2EPA C ORG, total

Table II. Analytical methods used for various parameters analyzed at the USGS
Ocala laboratory. Analytical method numbers with the prefix I are detailed in
Fishman and Friedman (1989).
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Duplicate samples for dissolved nutrient analyses (NO3+NO,, NHy
and POy) from round 1 were run within 30 days at the NOAA
National Underwater Research Center (NURC) field facility on Key
Largo. Rounds 2, 3, and 4 were run (after round 4 was collected) at
the Florida International University laboratory, which has a cooper-
ative agreement with the NOAA/NURC facility. Results from this lab-
oratory are expressed in molar units, the standard used in oceano-
graphic and biological investigations. Results can be converted to
mg/L or vice versa. These analyses are given in Appendix C.

Rock chemistry

Selected subsamples of cores were analyzed for key elements to
test the possibility that phosphates could be precipitating in subsur-
face limestone and thus could be removing phosphorous from the
ground water. The analyses were performed at Pennsylvania State
University using the induction coupled plasma spectrography
method (ICP). Analyses were made on small samples @10 grams.
Samples were from internal or secondary sediments that had either
infilled or precipitated in voids. The bulk of the samples was from
discolored or otherwise altered
rock, internal sediments or material associated with unconformities.
Samples of unstained white grainstone and coral were analyzed for
comparison. Thirty representative samples were analyzed. Data pre-
sented as either weight percent or parts per million (ppm) are pro-
vided in Table III. SPB in Table III is a core from Sprigger Bank in
Florida Bay.

Core description and porosity analysis methods

All cores were described in the St. Petersburg laboratory using
the combined carbonate classifications of Dunham (1?62), Scholle
(1978), and that used by Perkins (1977) in his study of Pleistocene
limestone in south Florida. Graphic core logs for each well are pre-
sented in Appendix B.

Porosity of selected core sections was determined by the water
displacement method (Gilbert, 1984). It should be pointed out that
the bulk of these Pleistocene limestones is the most porous and per-
meable type of rock on the planet. When the core bit encounters
zones of high porosity, where the leached voids approach or exceed
the diameter of the core bit, core recovery is practically nil. In such
zones the samples either are not recovered (voids cannot be sam-
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LOCATION
SBB-1 | 1| 57,700 | 41800 | 251 018 | 250 285 004 | @001 | o - @02 | 061 - 22400 | 035 0 0
SBB-1 {2 | s7900 | 43.600 | 269 - 220 240 003 | 001 0.04 003 | w02 | o053 053 | 22400 o037 | - 0
SBB-1 |3 | ss400 { 43.600 | 272 - 680 7.20 0.08 0.01 0.02 0.06 <©.02 071 064 | 22200] 033 0 0
SBB-1 4 57.500 42 800 2687 - | s.e0 10.00 0.04 0.01 0.04 0.03 <002 Q.53 0.53 21800 043 <! 2
SBB-1SW| 1| 56800 | #0800 -254.. | -0.13 206 | an | aw |on Jom |- 1w oas | ~ fizzmo ;-;:.oa .| o
SBB-1SW {2 | s8.800 | 52200 { 276 - 420 { 370 o2z | om 003 | <002 | om 039 odi | 27,000 | 006 | - 0
SBB-1SW{3 | 61700 | 52300 | 334 - 6.00 7.30 ao4 | o001 0.02 004 0.02 o5t | om | 7200 "0.03 0 0
SBB-1SW | 4 | ss600 | 41,000 { 274 - 5.90 7.90 002 | 001 0.02 0.02 0.03 029 035 { 21000 | 607 | « %
SBB-2 1 56,800 | 40,900 A5 0.13 2.48 375 0.02 0.01 0.03 - e 028 - 22,100 0.09 0 0
SBB-2 2 50,600 | 43,900 26.5 - 230 220 0.02 0.01 0.03 0.02 <0.02 0.47 047 22,800 0.31 - 0
SBB-2 3 59,100 | 44,400 23 .- 7.30* 7.00 0.06 0.01 0.02 0.05 <0.02 0.52 0.52 22,700 0.29 o 0
SBB-2 4 58,400 43,700 26.7 - 7.00 71.90 0.03 0.01 0.03 0.11 «<0.02 0.47 0.47 22,200 0.37 <1 <1
SBB-2SW | 1 | s6,100 | 40440 | 257 0.11 204 3717 | «002 | o0l 0.2 - «©02 | 032 - 22,100 | 0.04 3 [}
SBB-3 | 1| ses00 | 41580 | 26.1 0.15 339 621 003 | <0.01 0.02 - <0.02 0.50 - 2235 | 020 0 [
SBB-3 |2 | 55700 | 42200 | 266 - 270° 260 02 | w0 0.03 @0.02 | <002 041 035 | 21400 | 0.25 - 0
SBB-3 |3 | 57300 | 42000 | 273 - 7.50* 7.40 0.08 0.01 0.02 0.04 <©0.02 042 042 | 22000 | 0.8 [ 0
SBB-3 |4 | 57000 | 40600 | 272 . 5.80 7.40 0.03 0.01 0.02 0.04 <0.02 0.36 034 | 20400 | 0.4 <1 <1
SBB-3DUF 1 | s6,600 | 40840 | 26.1 0.34 230 497 0.02 <0.01 0.02 - <0.02 0.48 - 22300 | 0.2 0 0
SBB-3SW| 2 63,300 49,600 284 - 2.20* 200 <0.02 <0.01 0.03 - 0.03 0.26 - 24,700 0.06 - ]
SBB-3SW | 3 | 61,400 46,800 30.0 - 6.30 6.40 0.03 0.01 0.02 0.03 <0.02 0.30 0.30 24 200 0.03 o 1]
SBB-3SW ] 4 54,500 42,500 7.8 - 5.50 7.00 0.02 0.01 0.01 0.06 0.03 0.32 0.7 21,800 0.04 <1 <t
SB-1A 1| 59.600 43,580 248 024 4.10 7.12 0.05 <0.01 0.04 - <0.02 0.70 - 23,600 021 2 0
SB-1A 2 | 58700 44,700 264 - 5.80* 5.30 0.04 <0.01 0.06 0.06 0.03 049 08} 2,800 0.28 ] 0
SB-1A 3 59,700 | 44,200 263 - 13.00 14.00 0.06 0.0} 0.03 0.06 <0.02 .51 0.51 23,000 0.23 0 o
SB-1A |4 | 59200 | as,400 | 265 - 1o | 1600 | 005 | oo 0.05 008 | <02 | 039 039 | 23000 | 024 | «1 1

*indicates a discrepancy in the data (ie., DOC cannot be greater than TOC).

Table IV. Samples analyzed at USGS/WRD laboratory in Ocala, Florida. Data arearranged by
sampling round for easy seasonal comparisons. Sampling locations are separated by shading. Well
code followed by SW indicates seawater sample at same location. DUP is a duplicate sample. SCF
(Sea Critters Farm) is from a 160-ft-deep (48.8m) well on north Key Largo used for commercial
mariculture of brine shrimp. Samples from wells numbered starting with MO are from onshore wells
installed by the State of Florida Department of Environmental Protection (DEP).
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g) J&)s] Y87 EE
LOCATION
SB-1ADUP 14 | 59,000 | 44500 | 265 B 1200 | 1600 | 005 | omn 0.05 005 | <002 | 036 040 | 22300 | 024 <1 9
SB-1B |1 | ss200 | 40,000 | 242 0.6 148 27 ot | 001 | 002 - <02 | 050 - 21100 | 020 70 0
SB-1B {2 | 55900 | «2300 | 259 - 400 | - oo | oot | 003 004 o0 | 04s 037 | 21,100:| 0z - 0
SB1B |3 |'s6300 | 41500 | 201 ss0 | 140 005 | oo} 002 006 | <0.02 | 0.54 049 | 2200 | 023 0 0
SB-1B |4 | 54600 | 40700 | 272 - 530 9.20 004 | <001 | 002 004 <002 | 0% 043 § 21,000 | 026 <1 <1
SB-1BDUP| 1 004 | 001 o0 - 002 | 047 - 021
SBASW |2 | sss00 | a1300 | 22 . fase | 2% Ja@m [oor |ooe |a@m | 003 | oz | 042 {21400 | 0os | - o
SB-1SW |3 | s6300 | 41500 | 288 610° | Sa0 0.04 0.01 0.01 005 | w02 | o; 02t | 21200 | 0.04 ° 0
SB-1SW |4 | 54500 | 40300 | 263 . 6.00 130 o4 | @01 | 002 0.06 «©.02 | o7 028 | 21000 { 0.03 <1 <1
SB-2 |1 | s5000 | 42600 | 237 0.14 1.39 342 0os | <01 | 003 <02 | og0 23,100 | 042 © °
SB2 |2 | s8.100 | 43400 | 268 2700 | 230 0.0¢ 0.01 0.05 0.04 0.02 0.52 062 | 22200 | 047 0
SB-2 |3 | 58700 | 44000 | 264 11.00 13.00 0.06 0.01 0.03 0.06 0.02 0.58 0.58 22400 | 044 0 0
SB-2 |4 | ssgoo | 42700 | 263 8.70 1100 | 0.05 0.01 0.05 0.05 <0.02 | os1 049 | 22,600 | 048 <l
SB-3 {1 ] 55700 | 39900 240 | o 214 270 0.06 | .01 | 0.02 Q.02 | 042 21,500 | 021 150 0
SB-3 |2 | 54800 | 40200 | 265 2.20 240 004 | 00! 0.03 004 | <«0.02 0.48 045 | 21,000 { 026 [
sB-3 |3 | ssa00 | 41200 | 263 7.50 7.40 00t | 001 0.02 006 | <002 042 035 | 22,000 | 018 [
§B-3 |4 [ 55200 [ 39800 §{ 263 3.10 6.60 0.06 0.01 0.02 0.06 @002 | 032 o4l | 21,000 { 028 <1
SB-3SW |1 | 53600 | 38400 | 232 0.16 2.00 380 0.10 | o1 | 002 «.02 | @02 20,750 | 0.03 [} ]
SB-3SW [2 | 54500 | 41000 | 29.0 2.00* 190 | <002 | 001 002 005 | <002 | 025 026 | 21000 [ 004 °
SB-3SW (3 | 54700 | 40,700 | 30.1 6.10 6.40 0.04 0.01 0.01 0.04 0.03 0.42 042 | 21200 | 0.4 [} °
SB-3SW |4 | 54200 | 38700 | 26.5 550 6.40 0.04 0.01 0.01 0.04 <0.02 | <0.02 020 20,600 | 0.03 <!
SB-3DUP |2 | 54,700 | 40,200 | 27.0 2.40° 200 0.03 0.01 0.04 0.03 <0.02 0.47 0.44 20,900 | 027 0
SB-3DUP |3 | s5300 | 41000 | 263 580 6.60 0.05 0.01 002 0.05 <0.02 0.42 0.42 21,200 § 021 0 0
2307-SW |1 | 57,100 | 41,260 | 231 .14 2.65 330 | 0.0 0.01 0.02 .02 0.36 2000 f 007 | >500 | 120
}ggg)x 1] 52800 | 3,700 | 255 0.12 247 339 003 | <001 | 0.03 <0.02 1.60 20,550 | 1.30 ° 0
hgg-lll'l):i 1 | 4800 | 3340 | 270 0.17 2.45 439 0.04 <001 | 0.02 ©0.02 120 18.200 | 0©.75 0 [}
hg;',’;l,s 1| s3,100 | 38040 | 264 013 2.13 233 0.12 0.01 0.04 .02 140 20,800 { 1.10 [} [}
h;lg—ll"l)é 1 | 58000 | 42,600 | 27.1 021 2,04 296 0.04 0.01 0.04 <0.02 0.4 23,000 | 0.43 ° o
2315-EFF | 1 ::“"" 0.50 190 0.08 1.90 036 | >20.00 3600 | >500 | 424
2315-SW |1 | 57300 | 40780 | 2.7 0.12 2.82 3.02 0.02 0.01 0.02 <0.02 035 22,000 | 0.05 0 0
KLI-1A {1 ] 54300 | 38900 | 265 0.18 468 495 007 | <001 .05 <0.02 0.94 21,000 | 046 0 [}
KLI-IB |1 | 33300 | 22480 | 265 0.0? 3.69 4.79 0.05 0.01 0.04 0.66 .30 12,000 | 0.03 0 0

*indicates a discrepancy in the data (ie., DOC cannot be greater than TOC).

Table IV. (cont.)
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LOCATION & 5? 5‘? § g '5 QE?
KLI-2A {1 s4900 | 60| 237 [[37] 289 319 | o003 | 0t | 003 - | o2 | 050 - 21250 | o1 o °
KLI2A | 2| 55600 | 40,500 | 253 270° 260 | 003 0.01 0.04 - @02 | 033 - 21200 | 0.0 ° [
KLI2A |3 | se000 | 41400 | 271 - 4.60° 440 | oos | o1 0.03 007 | @02 | 034 034 {21600 | o0.08 o 0
KLI2A | 4] 5390 | 40200 | 271 680 -] 810 | oot | 0m | 002 00 | @02 | 029 20600 | 033 | @ <l
KLI12B |1 | 52000 | 36760 | 233 | 013 2020 |21 | o jam | oo - 023 |04 - 19.7% | 0.0 I "
KLI2B {1 | s3asoo | 38900 | 253 2.00 350 0.04 001 0.08 0.19 <20 - - ,,o'-mA 005 12 3
KLI2B |3 | s4700 | 40,000 | 306 - 450 | s20 |vos | oot 0.04 005 | 029 024 024 |a2200{ 003 | © [
KLI-2B |4 | 51000 | 36000 | 273 620 | 630 | 604 | am 0.04 .04 031 | 021 021 {0400 { oo¢ | 17 4
KLI-2BDUP|1 | 51800 | 57360 | 241 | o 301 | 330 003 | <00 | o003 022 023 19750 | 0.03 | 28 7
KLI-2BDUP{3 | s3g00 | 40000 | 309 o | ase 00s | 001 0.04 0.05 029 022 o2 | 21200 | 0.06 <t <1
KL-1 |1 | s6200 | 39700 | 243 | 0.16 265 | 2m 003 | <001 | 0.03 <@ | 046 - 2195 | o2s ° [
KL1 |2 | 56700 | 41700 | 257 3100 | 29 | 004 | 001 0.05 «m | o5 21200 | 032 [ [}
KL |3 | s6600 | 41400 | 264 580 | 620 0.05 001 0.04 005 | <002 | 062 062 | 21000 | 027 [ [}
KL-1 |4 | s6500 | 40900 | 265 - 950 [1200 | 006 | 0.0t 0.08 006 | D2 | 045 045 | 21800 | 032 | <! <1
KL-1SW {1 | s3,500 | 34860 | 215 | 0.2 1.52 189 002 | <001 | 002 @@ | 023 19250 | o004 0 [}
KL-1SW |2 | 56800 | 41700 | 24.1 220 0.02 0.01 0.02 <0.02 0.34 21400 | 0.05 0 0
KL-1SW |3 | 55600 | 40,900 | 316 190 | 7.10 003 | 001 0.01 004 <002 | 029 029 | 21200 | 0.03 [} 0
KL 1SW [4 | 52,000 | 37300 | 283 630 | 660 | <02 | 001 | 001 002 | 0@ | o2 021 19600 | 004 <t <
KL-2 |1 | 54600 | 39060 { 237 | o013 141 182 004 | <01 | 003 @m | o2 21300 | o01s [ ]
KL2 2 | s4000 | 39500 | 252 47 | 480 | oos | o0 0.05 Dm | 046 20800 | 017 0 0
KL-2 {3 | 54600 | 397700 | 255 6.10° 570 0.05 0.01 0.05 006 | <0.02 0.36 031 21000 | 020 0 [
KL-2 |4 | 54700 | 39200 | 255 6.70 740 0.04 0.01 0.05 0.04 @02 | o030 025 | 20600 | 024 <t <!
KL-3 |1 | ss200 | 39,920 [ 243 0.14 17 2.38 0.10 | <0.0t 0.02 .02 | 068 21400 | 034 [ °
KL-3 12 | ss00 | 39.600 | 255 430 | 580 005 | <00t 0.05 wm | o0sy 22900 | 038 0 [
KL-3 {3 | s4600 | 39800 | 258 3800 | 330 006 | 001 0.04 004 | @® | p57 oas | 2090 | o035 [ [
KL-3 |4 | 5490 | 39600 | 25.8 1100 | 11.00 | 006 | 001 0.04 004 | 002 | 046 oso | 21000 | 039 | < <t
KL3DUP (! | 55600 | 39,120 | 224 ol | 281 007 | @001 | ooz @02 | 060 21500 | 034 [ ]
KL4 |1 | s4500 | 38420 [ 259 0.14 13 158 006 | <001 0.04 @0 | 047 21100 | 030 [ [
KL4 |2 | s4400 | 39200 | 262 5.00° 430 0.05 | <0.01 0.05 @m | 050 20600 | 030 [ [
KL4 |3 | sa200 | 39800 | 266 280 | 180 | ooe [ o001 | 004 | 006 | @02 [ 035 | pa5 | 21000 029 | O 0
KL4 |4 | s4500 | 39000 | 263 5.90° ‘| 540 o7 | oo 0.05 006 | 02 | 034 028 | 20600 | 030 | <t H

*indicates a discrepancy in the data (ie., DOC cannot be greater than TOC).

Table IV. (cont.)
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g LEO 3 & 3 § & {‘-? 3‘? 3‘? 5 i §
/88 5e)sc) £ 5 £/5: )85/ 55/ 55 )8 )6/ 80 ) b
9 §3/ 8] 53 55/ 85/ 5 &5 £33/ 65/ 55/ 58/ 5865/ 5 5i
FTG75 ) 878748 F7 8 J75% 85358 544 & )
LOCATION, § s g 5
KL-5 |2] 54800 | 40200 | 262 - 10 2.7 007 | <001 0.03 @0 | 15 - 20,600 0.74 ° [
KL-5 3] s4400 | 40000 | 266 1.50 2.00 0.06 001 0.07 0.06 @02 | 0% 098 | 21,000 o7 [] 0
KLS |4] s4s00 | 39700 | 262 8.90 970 0.10 001 0.07 0.06 0.02 0.69 0.68 | 20800 0.76 <1 <1
KL-SSW 2| 54600 { 40300 | 259 140 200 | <002} <o01 | om - @02 | 030 - J270 | 004 ° 0
KL-SSW |3| s3so0| 3ea00| 301 230° 170 0.05 001 0.01 003 @02 | @0 | <020 | 20500 0.02 [} [
KL-5SW }4] 354,100 | 38700 | 270 - €10 s10 |00 001 0.0 o | 00 | <020 | <020 {20800 -] 0.03 <1 B!
KL-SDUP {4] sa900 | 39200 | 262 9.90° 9.00 (Y7 001 0.06 .10 0.02 o 073 |20800 | 0.76 <1 <1
ORO-1A {1] 53400 | 38020 | 279 013 287 a2 00s | 01| 005 <m 0.42 20850 | 0.8 0 °
ORO-1A }2| s3000 | 39,000 | 261 - 430 500 | oos 0.1 0.07 - <0 051 20500 | 0.20 ° 1
ORO-1A'|3| 33500 | 3890 | 272 2.60° 2.40 0.08 0.01 0.05 005 a0 038 038 120500 | 0.17 0 0
ORO-1A |4] s3s00 | 39,600 | 259 - 9.40 1200 | 0.06 0.0 0.06 0.05 .02 0.3 048 | 20,200 .19 <1 <1
ORO-1B 1] 9520 | 5240 | 249 0.11 412 562 088 | @0l | 067 2.40 042 2,700 0.01 [} 1
OROC-1B |2| 9670 | 6040 | 258 3.40 4.00 0.87 0.04 0.94 4.90 043 2,920 0.02 2 0
ORO-1B {3] 11,700 | 7420 | 271 530 <20 0.2 0.07 0.90 0.2 4.20 036 032 | 3,65 0.02 0 [
ORO-1B | 4] 13000 | 8,560 | 2.3 12.00 1600 | 081 | <0.0y 080 0.80 1.80 0.30 028 | 4,050 0.03 <1 9
ORO-1BDUP{2{ 9.360 5760 259 - 4.00* 3.80 0.72 0.01 0.80 3.40 0.49 2,720 0.02 1 1
OR-1A |1} 34400 | 3460 § 252 | 0.5 399 452 006 | <0.01 0.05 <.02 0.42 21,250 | 022 ° 0
OR-1A [2] 54700 | 41200 | 260 4.50° 400 0.06 001 0.07 .02 0.50 21200 | 0.24 [} o
OR-1A |3} 54700 | 39900 | 262 2.80 220 0.06 0.01 0.06 007 | .02 0.46 043 | 21000 | 022 0 0
OR-1A |4] 54,900 | 39200 | 259 12.00 12.00 0.07 0.0} 0.06 0.10 <0.02 0.35 0.36 20,800 02s <l <1
OR-1B |1} 53600 | 37,540 | 239 0.15 184 3.02 003 | <001 0.02 ©.02 0.32 21,000 | 010 0 [
OR-1B {2| s3800 | 39200 | 257 2.00 2.00 0.03 0.01 0.05 <o 026 20400 | 0.1 ° 0
OR-1B |3| 54200 | 39000 | 28.3 220 1.80 0.04 0.01 o4 004 | <002 027 028 | 2090 | 0.i0 0 [
OR-IB 14| s2900 | 37700 | 21.9 7.30° 6.50 0,05 0.01 0.04 008 | <002 02s 0.21 | 20200 | 0.16 <1 1
OR-1BDUP |4]| 53000 | 38400 | 279 7.60° 6.70 0.03 0.01 0.03 003 | <0.02 0.29 0.22 | 20,000 | 0.16 <l <l
OR-1SW |1]| sos00 | 37,180 | 225 0.12 513 795 003 | w01 001 <0.02 032 20400 | 0.03 [} [}
OR-1SW |2 55200 | 41,800 | 278 3700 3.60 002 | <001 0.02 «0.02 0.26 21300 | 0.04 2 J
OR-1SW |3} 55400 | 42,000 | 322 3.40° 310 0.04 0.01 0.02 003 | <02 032 039 |21700 | 003 [ [
OR-1SW |41 soso0 | 36800 | 26.5 7.10° 6.60 0.2 0.01 0.01 002 | <02 0.27 031 | 19400 | 0.03 <1 1
OR-2 |1]| 53800 | 38,40 | 251 0.11 244 371 004 | <001 0.04 <002 0.50 20900. | 028 0 [
OR-2 |2| 5390 | 40,000 | 256 220 270 004 | <0.01 0.06 <0.02 0.66 20500 | 0.32 ° [

*indicates a discrepancy in the data (ie., DOC cannot be greater than TOC).
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J
g '3 /8 /¢ ; ; £ /s &; 8‘; § /s /3
) 51/ &5/ 5] &) £5/55) £5 £5 &5/ 83/ £3/ 53/ 55 /85 /53] &8/ &
S/ 82 £Y £ $¥ 53/ 53/ 3 43/ £5/ 55/ 53/ 55/ £5) 5% 55/ 83/ ¢
LOCATION l 5 ) s 5? . ﬁ ‘§ é? £ °
OR-2 31 s4300 | 39300 | 27.0 - 270 2710 | 005 001 a0s 0.05 | <002 060 | 0.60 20800 0.41 0 0
OR-2 41 54200 | 39200 | 271 - 1200 | 11.00 | 005 001 0.04 0.06 0.02 052 | 0.54 20600 03 | <1 2
OR-3 1| sae00 | 38380 | 256 0.14 212 227 002 | <001 a02 - <002 | 035 - 21,200 | 0.8 0 0
OR-3 2} 54200 | 40500 | 25.6 - 140 160 | <002 | <001 00 - e | 040 - ,19409_’ Q20 1 0
OR3 |3 5400 |38900| 22 | - | 250 | 130 ]| as | oo | o002 | aos | <002 ] a3s | 63s  nosoo w0 °
OR4 1] 55300 | 38780 | 25.6 013 237 340 008 | <0.00 0.06 - €02 | 070 - 21400 [ 041 0 0
OR<4 2| 54800 | 40600 | 263 - 170 230 a0 | <01 0.10 - @002 | om - 21000| 044 0 0
OR4 3] ss300 | 39800 | 270 - 1.80° 150 | 0.09 001 0.08 009 | @02 | 062 | 062 21300 | 041 0 °
OR4 41 55400 | 40200 | 2638 - 14.00* 13.00 | o.10 0.01 0.07 27 0.02 0.58 053 21200 | 044 <1 <1
OR-§ 1] 54300 | 37340 | 260 14 1.50 272 | o | <01 0.03 - <002 1.40 - 21,000 | 120 0 0
OR-S 2| 54200 | 40200 | 26.2 - 1.60 200 0.03 0.01 0.05 - <0.02 1.10 - 20400 | 120 0 0
OR-§ 3] 53900 | 39700 | 268 - 2100 180 | 004 0.0t 0.03 004 | <0.02 130 130 | 20500 | 120 0 0
OR-5 4] 54100 | 38,800 | 26.6 - 1.90° 7.80 0.03 0.01 0.03 0.03 <0.02 1.30 1.40 20800 | 120 | <1 <1
OR-5DUP| 2| 54300 | 40,700 | 263 - 1.80* 1.60 0.03 0.01 0.04 <«0.02 1.40 . 20,500 1.10 0 0
OR-SDUP | 3 | s4000 | 39,200 | 267 2100 1.80 0.04 0.01 0.02 005 | <0.02 1.40 140 | 20700} 120 0 0
OR-SSW | 1 [ 55200 | 38740 | 231 0.11 1.06 216 | o2 | @or 0.01 - <002 | <020 - 21300 | 0.03 0 0
OR-5SW | 2 | 54900 | 40,600 | 25.7 1.30 1.60 002 | <0.01 0.02 @02 | 031 - 20700 | 0.04 1 0
OR-SSW | 3 | s3600 | 39,100 | 30.1 250° 1.90 0.03 0.01 0.01 002 | 002 | <02 | <020 | 20800 | o003 ° 0
OR-SSW | 4 | s4,000 | 38700 | 271 5.90% 570 | 0.04 0.01 0.01 .26 <002 | 020 | <020 | 20400 003 { <1 3
SCF 4 1 ss;800 | 41,90 - - 15.00 | 2400 | 0.08 0.01 0.08 0.07 0.02 0.97 0.48 21400 | oM 1 20
BLANKI-1 | 1 - - €02 | <001 | 01 - @02 | @20 - €01 | <« <1
BLANK 1.2} 2| 1.2 - - 1.0 (Y] .02 .01 - - @0 | « <l
BLANK 13| 3 - - 0.3 0.5 - -- <0.01 - - - .
BLANK 14| 4 | 180 8.0 283 - 03 <01 | w02 [<0.01 | <001 @002 | <020 130 0.02
BLANK 2-1{ 1 - - - - - 0.02 <0.01 <0.01 - <0.02 <0.20 - <0.01 <1 <t
BLANK2:2{ 2| 116 . 312 - 08 07 @02 |<0.01 | <0.01 - @02 | <020 - <01 | 8 <l
BLANK23]3{ 43 - 1.8 20 0.02 |0 | <0.01 - @02 | 020 - 0.01 <1 <1
BLANK 24 ] 4 4.0 - 0.3 <0.1 - - <0.01 - - - 0.12 -
BLANK33[3 | so 6.0 34.2 - <02 @02 | <002 |<001 | <001 | <002 | w002 | <020 |<0.20 170 | <001 | <« <l
BLANK 34| 4 3.0 5.0 29.4 2 0.1 <002 | <0.01 <0.01 <@0.02 | <0.20 1.80 | " 0.02 <1 <l

*indicates a discrepancy in the data (ie., DOC cannot be greater than TOC).
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pled) or loss of integrity causes the rock to break and be pulverized
to fragments too small for recovery. It is not uncommon, therefore,
for an entire 5-ft (1.5-m) run of the core barrel to come up empty.
Often the 5-ft core barrel retrieves only 1 to 2 ft (0.3-0.6 m) of sam-
ple. The only uncemented material encountered was quartz sand.
The drill and the coarse carbide bit used for these wells make it easy
to "feel" the difference between cemented limestone and uncement-
ed sediment during drilling. In these leached Pleistocene limestones,
poor or no recovery is therefore considered a direct indication of
extreme porosity and permeability as opposed to uncemented sedi-
ment that would have lower permeability. Zones of no recovery are
indicated in the core descriptions in Appendix B.

When relatively dense zones are encountered, a full 5-ft core
may be recovered. Porosity can be determined only on cores recov-
ered in the barrel, thus creating bias toward lower porosity analyses.
This bias, however, is not considered a deterrent in this study since
virtually all the rocks in the Florida Keys are very porous and per-
meable by most standards. The only impermeable rocks are thin,
laterally extensive zones associated with unconformities.
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